ABSTRACT -Background -Early peritoneal recurrence of gastric carcinoma following curative resection remains a great challenge in the treatment and prevention of this disease. Aim -To analyze the relationship between levels of tumor markers, carcinoembryonic antigen (CEA) and CA 19-9 in the sera and peritoneal washing, and anatomopathological aspects of the gastric carcinoma. Methods -Of the 46 patients in the study, 29 (63.0%) were males and 17 (37.0%) females. Mean age was 63.6 ± 11.7 years (31 to 91 years). Peripheral venous blood samples were collected from the upper limb vein from both patient groups after anesthetic induction, in order to determine serum levels of CEA and CA 19-9. After the end of the procedure, 50 mL of physiologic solution was introduced into the bottom of the Douglas sack and a portion aspirated to determine CEA and CA 19-9 levels in the peritoneal washing. Levels of CEA and CA 19-9 in the sera and peritoneal washing were compared to the following variables: lesion diameter ≤4 cm or >4 cm, lymph node involvement, angiolymphatic invasion, depth of invasion into gastric wall, and initial or late stage. Results -Sera CEA levels were significantly higher in patients with lesions >5
INTRODUCTION
Diagnosis of gastric carcinoma recurrence performed using traditional protocols for post-operative follow-up generally detect the disease at too later stage, a situation in which the majority of patients have no opportunity to undergo any potentially curative treatment (6, 14, 15, 23) . In this scenario, the prognostic of patients with recurrent carcinoma is grim, where survival tends not to exceed 1 year (14, 15, 19) . Peritoneal cytological washing is the gold standard for determining peritoneal spread of gastric carcinoma, yet its sensitivity is relatively low, lying in the 14% to 21% range for gastric carcinoma with serosal invasion (1, 3) . One of the most extensively studied tumor markers is the carcinoembryonic antigen (CEA) . Described in 1965 by GOLD and FREEDMAN (5) , CEA is routinely used as a serum marker for gastrointestinal carcinoma, particularly of the colorectal type. CEA is a glycoprotein from the superfamily of immunoglobulins whose function is to promote cellular binding. CEA is constantly secreted by normal cells from the epithelium in the digestive tract into the intestinal lumina, and is found in both normal as well as neoplasic cells in the gastric mucous of patients with gastric cancer (13, 20, 25) . CA 19-9 is a high-molecular weight mucin, defined by monoclonal antibody reacting with repetitive carbohydrate epitope of the heterogeneous family of mucins (7, 12) , with a carbohydrate structure (sialylated-lacto-N-fucopentose II) whose antigenic determinant is a sialized substance from the Lewis blood group (12, 21) . Elevated plasmatic levels of CA 19-9 have been found in patients with pancreatic and biliar carcinoma, as well as in patients with colorectal, gastric and hepatic neoplasias (7, 8, 16) . Tumoral markers may prove valuable for the decision on indication of adjuvant therapies, particularly following curative resection for advanced carcinoma (4, 11) . The aim of this study was to ascertain the relationship between levels of the CEA and CA 19-9 tumor markers in blood and peritoneal washing, to some anatomopathological aspects of the gastric carcinoma.
METHODS
Forty-six consecutive patients who had undergone gastric carcinoma surgical treatment between July 2003 and December 2006 were analyzed. Inclusion criteria were the presence of gastric carcinoma confirmed by histopathological study of the lesion extirpated with curative or palliative intention. Exclusion criteria were carcinomas located in the cardia region, and within 3 cm above or below this site, and clinical or laboratorial manifestation of hepatic or pancreatic disease. The Ethics Committee of the institution approved this study.
Of the 46 patients included in the study, 29 (63.0%) were females and 17 (37%) were males, giving a male/female ratio of 1.7:1. Concerning race, 37 (80.4%) were Caucasian, 8 (17.4%) were African-American and 1 (2.2%) oriental. Mean age was 63.6 ± 11.7 years (31 to 91 years).
Those patients with resectable lesions located in the antropyloric region were submitted to D2 standard subtotal curative gastrectomy. Patients with resectable lesions in the medium and proximal third of the stomach were submitted to D2 standard total curative gastrectomy. Patients presenting penetration of the lesion into the gastric serosa on macroscopic evaluation underwent total gastrectomy, with extirpation of the spleen and pancreas tail.
The control group consisted of 18 patients, 4 of which were men (22.2%) and 14 women (77.8%). Mean age was 45.6 ± 7.2 years (35 to 57 years). All subjects presenting calculosis of the gallbladder and chronic cholecystitis confirmed by results in the anatomopathological exam report on the resected product, were submitted to preoperative high digestive endoscopy that revealed no gastric neoplasic disease, and then underwent laparotomy or laparoscopy. None of the patients in this group presented history of smoking. Levels of in the peritoneal washing of these patients were determined, serving as normal controls.
The primary gastric carcinoma was located in the antropyloric region in 28 of our patients (60.9%) and in the gastric body in 18 (39.1%) subjects. Subtotal gastrectomy was performed in 26 (56.5%) patients, total gastrectomy in 16 (34.8%) and palliative gastrectomy in 4 patients (8.7%).
Immediately following anesthetic induction, peripheral venous blood was collected through percutaneous punction of an upper limb vein and introduced into a vial without anticoagulant. The contents were then sent for analysis to determine sera levels of After completion of the operative procedure in patients with gastric neoplasias, and following removal of the biliary gallbladder in patients from the control group, 50 mL of physiologic solution heated to 37ºC was introduced into the bottom of the Douglas sack. A portion of this liquid was aspirated and sent for analysis to determine levels of in the peritoneal washing. A further portion was aspirated from the peritoneal washing and examined for neoplastic cells.
Levels of in the sera and peritoneal washing were determined using electrochemiluminescent immunoassay. Normal pre-operative levels for sera CEA in patients with gastric carcinoma were ≤5.0 ng/mL and for sera CA 19-9 were ≤33U/mL.
Preoperative levels of in the sera and peritoneal washing were studied and compared with the diameter of gastric lesion across its widest point (≤4 cm and >4 cm) (30) , lymph node involvement, angiolymphatic invasion, depth of gastric wall invasion, and initial (stages I and II) or advanced staging (stages III and IV).
Statistical analysis employed the Chi-square test, multiple logistic regression, t-test, Mann-Whitney, Kruskall-Wallis, Spearman test, as well as the paired t-test, Wilcoxon and Tukey test. For quantitative variables, homogeneity of variances was verified by the Levene test, while normality was analyzed using the Kolmogorov-Smirnov test. A 0.05% or 5% level of significance was set for all tests.
RESULTS
The cytological study of peritoneal washing was negative for neoplastic cells in 39 (84.8%) and positive in 7 (15.2%) patients. There was no association between serum and peritoneal washing levels of with the presence of tumoral cells in the cytological analysis of the peritoneal washing (P = 0.3).
Mean CEA level in peritoneal washings of cholecystectomized patients was 0.29 ± 0.7 ng/mL (0.1 to 3.1 ng/mL) while mean CA 19-9 was 4.53 ± 2.8 U/mL (2.0 to 9.93 U/mL).
In gastric carcinoma operated patients, the mean preoperative serum CEA level was 3.63 ng/mL ± 5.21 (0.2 to 25.0 ng/mL), while mean level in peritoneal washing was 4.6 ng/mL ± 14.3 (0.1 to 95.3 ng/mL). A cut-off of 0.2 ng/mL was chosen, corresponding to combined high sensitivity (91%) and specificity (72%), according to the ROC curve (Receiver Operating Characteristics), a graphical representation of the level of true positive (sensitivity) versus false-positive levels (specificity) within a band of possible values for cut-off points. Mean preoperative sera CA 19-9 level was 17.5 ± 24.8 U/mL (0.1 to 101.3 U/mL) and mean peritoneal washing level was 11.1 ± 13.7 U/mL (0.1 to 70.6 U/mL). Values for CA 19-9 levels in peritoneal washing were obtained in the same manner as for CEA, establishing a cut-off of 2.2 U/mL, corresponding to combined high sensitivity (69%) and specificity (38.9%). Two patients disclosed the levels of CEA and CA 19-9 raised in serum, while one of them (stage IV) showed the level of the both tumor markers raised in the peritoneal washing also.
Mean gastric lesion size was 5.8 ± 2.3 cm (0.6 to 11.5 cm). Sera CEA level correlated significantly with lesion diameter (P = 0.006), whereas CEA level in peritoneal washing showed no significant association (P = 0.347) ( Table 1 ). Those patients with gastric lesions >5 cm in diameter demonstrated significantly higher sera CA 19-9 values (P = 0.02) than patients having lesions ≤5 cm. No significant association (P = 0.36) was observed between CA 19-9 levels in the peritoneal washing and lesion diameter ( Table 2) .
The mean number of lymph nodes extirpated from the 42 individuals who underwent operations was 31.9 ± 10.4 (10 to 54) lymph nodes. No significant difference (P = 0.19) was observed between sera CEA and peritoneal washing CEA levels for lymph node involvement by gastric carcinoma. Similarly, no significant difference was observed between sera CA 19-9 and peritoneal washing CA 19-9 levels in patients with lymph node involvement (P = 0.43). Comparison between patients with and without lymph node involvement by gastric carcinoma revealed significantly higher CA 19-9 levels in the peritoneal washing (P = 0.03) than in peripheral blood (Table 2) . Comparison between patients with and without lymph node involvement by gastric carcinoma, showed no significant difference in the sera and peritoneal washing CEA levels (P = 0.62 and P = 0.13, respectively).
Eighteen (42.8%) patients presented angiolymphatic invasion. No statistical difference was seen in the sera CEA levels (P = 0.51) and peritoneal washing CEA levels (P = 0.08) in relationship to the presence or absence of angiolymphatic invasion in gastric carcinoma patients, and likewise for CA 19-9 levels in sera (P = 0.20) and peritoneal washing (P = 0.26).
Depth of carcinoma invasion into the gastric wall was T1 in 6 (13.0%) patients, T2 in 4 (8.7%), T3 in 32 (69.5%) and T4 in 4 (8.7%) cases. CEA levels in both peripheral blood and peritoneal washing showed significant association (P = 0.001 and P = 0.02, respectively) with the degree of carcinoma penetration into the gastric wall (Table 1) , while CA 19-9 in the serum also showed significant association (0.05) with carcinoma penetration into the gastric wall, but not in the peritoneal washing (P = 0.27).
A total of 13 patients were found to be in the initial stage (stages I and II of the TNM classification) and 33 (71.7%) patients were at advanced stages (stages III and IV of the TNM classification). Sera CEA levels presented a significant difference (P = 0.03) between initial and advanced stages, where this was not the case for CEA levels in the peritoneal washing (P = 0.16) ( Table 1) . Sera CA 19-9 levels showed no significant difference (P = 0.54) in relationship to initial or advanced gastric carcinoma stage, yet CA 19-9 levels in peritoneal washing were significantly (P = 0.04) greater in advanced than initial stages of gastric carcinoma (Table 2) .
DISCUSSION
Gastric carcinoma patients with negative cytological tests for peritoneal washing can develop peritoneal metastases following curative surgery, illustrating the need to develop a more sensitive method for detecting potential sources of peritoneal recurrence (2, 9, 10, 21) . Analyses of the cytology of peritoneal washing to identify neoplastic cells tend to present low rates of positivity (29) , observed in the present study which presented negative cytology of peritoneal washing for neoplastic cells in 39 (84.8%) patients, proving positive in only 7 (15.2%) patients. All patients with positive cytology for neoplastic cells in peritoneal washing presented more advanced stages of the disease. Another issue to be elucidated is whether a finding of elevated peritoneal levels of markers necessarily implies the presence of neoplastic cells populating the peritoneal cavity. Given the fact that neoplastic cells can only be exfoliated from lesions invading the serosa of the organ, it can be assumed that exudative mechanisms exist which release tumor markers from the gastric mucous to the serosa and on to the peritoneal cavity (1, 3, 9) . Early gastric carcinoma may reveal increased tumoral marker in the peritoneal washing, suggesting the presence of penetration pathways in the stomach wall by tumoral cells, without invasion through continuation into the serosa (1, 9) . Lymphatic channels or metastases in lymph nodes are examples of these possible pathways. This notion is partially supported by the fact that peritoneal recurrence takes place in around 1% of patients with early gastric carcinoma (19) .
Comparison of sera CEA and CA 19-9 levels with lesion size revealed a significant association between marker levels and neoplasia diameters greater than 4 cm, where this constituted an independent risk for recurrence of gastric carcinoma in the multivariate analysis (4, 30) . Since the source of marker production is the tumor itself, greater tumoral mass would hypothetically yield higher quantities of the marker. However, this may not be a linear relationship, since the presence of venous invasion as well as production capacity may contribute toward determining the level of tumoral marker entering circulation. The present study found no significant association between gastric lesion size and levels of CEA or CA 19-9 in the peritoneal washing.
In the current casuistic, CA 19-9 levels in the peritoneal washing of patients with involved lymph nodes by gastric carcinoma were significantly higher than in the peripheral blood, while also being significantly higher than in patients without lymph node involvement. These findings suggest that the level of CA 19-9 in the peritoneal washing is influenced by lymph node involvement by the gastric carcinoma and, if this is proven, determining this level may allow lymph node involvement to be ascertained even in the absence of evidence tumoral dissemination in imaging or anatomopathological exams. KODERA et al. (12) also found a significantly greater number of lymph node metastases in patients with elevated sera CA19-9.
Results of the present study indicate increased CEA levels in both sera and peritoneal washing when lymph nodes are involved by carcinoma, although this did not reach significance. The protein produced by CEA can be absorbed by systemic circulation and raise sera CEA levels, followed by exudation from the systemic circulation into the peritoneal cavity, thereby increasing peritoneal CEA levels (1, 9, 25, 30) . The raised sera CEA level could be the result of increased CEA production in the peritoneal cavity, which in turn, results in increases in peritoneal and sera CEA levels (25, 30) . Sera CEA level was linked to the presence of positive peritoneal washing (1) . These results suggest that the lymph nodes infiltrated by the gastric carcinoma may not constitute significant CEA-producing tissue. GUADAGNI et al.
(6) also observed no link between lymph node involvement and sera CEA levels. However, significantly elevated levels of sera CEA in patients with metastases in lymph nodes have been documented (12, 20, 25) . KOGA et al. (13) noted that as numbers of metastatic lymph nodes increased, sera CEA levels also rose significantly. These authors suggested that in patients with lymphatic metastases, tissue CEA is released into circulation through lymphatic vessels, diverting the tumor marker from the liver while increasing levels in the serum.
Results from the present casuistic revealed that the level of CA 19-9 in the peripheral blood showed no significant association with degree of carcinoma penetration into the gastric wall. TOMASICH et al. (26) , in a study involving 144 patients, assessed the association between sera CA 19-9 levels, depth of invasion into the gastric wall and staging of the gastric carcinoma. These authors concluded that the sera levels of CA 19-9 did not prove predictive for depth of invasion or for staging of neoplasia in patients with gastric carcinoma. Similarly, GUADAGNI et al. (6) found no association between serosa involvement and elevated sera CA 19-9 levels. However, KODERA et al. (12) verified that neoplasias which extended beyond the muscle were more frequent in patients with elevated serum CA 19-9 levels. This finding was also observed in the present study where CEA levels in the peripheral blood and the peritoneal washing showed a significant association to the depth of carcinoma penetration into the gastric wall.
The present study showed that sera CA 19-9 levels in advanced neoplasias (stages III and IV) were not significantly higher than in less advanced stages (stages I and II). WOBBES et al.
(28) also found no association between stage of disease and positivity for CA19-9. This result could reflect that the determinants of CA 19-9 sera levels in gastric carcinoma may be related to morphological aspects of the neoplasias, which do not influence staging, such as size and degree of cellular differentiation of the neoplasias. JOYPAUL et al. (11) found a difference between the mean value of sera CA 19-9 levels for initial and advanced tumors. Other authors have also shown that advanced stages of gastric carcinoma were more frequent in patients with high CA 19-9 levels in serum (18, 24, 27) . It appears that the CA 19-9 antigen from neoplastic cells is not released into the blood stream during initial stages of the carcinoma, but may enter circulation if lymphatic vessels or veins are invaded upon the spreading of the neoplasia (8, 9, 12, 21) . This could explain the finding in the present work, although not significant, of more elevated sera CA 19-9 levels in more locally advanced gastric neoplastic lesions. On the other hand, levels of CA 19-9 in the peritoneal washing were significantly greater at advanced stages than the initial stage of the gastric carcinoma. This finding seems congruent with the probable determinant factors of CA 19-9 levels in the peritoneal cavity, factors which are commonly present in more advanced lesions, namely, greater penetration of the lesion into the gastric wall, lymph node metastases and the presence of neoplastic cells in the peritoneum (12, 21, 27) . Besides the presence of malignant cells in the peritoneal cavity, primary carcinoma or metastatic cells anywhere else in the body may also contribute toward increased peritoneal levels of CA 19-9. If these cells maintain the capacity to produce tumoral markers then the determination of levels of these substances may indicate the presence of such cells in the peritoneum and thus suggest the adoption of adjunct therapy to treat the microscopic disease (1, 3, 9, 10) . ABE et al. (1) analyzed the prognostic significance of CEA level in 54 patients with resected gastric carcinoma. The 5-year survival rates were 97.1% with negative CEA in wash and 78.9% with positive CEA in wash. TACHIBANA et al. (25) studied preoperative sera levels in 196 patients with gastric carcinoma submitted to surgical resection. Three and 5 year survival rates were 39.6% and 31.7%, respectively in patients with elevated CEA, and 83% and 77.3% in those patients with normal sera CEA levels. IRINODA et al. (9) observed that patients with gastric carcinoma and elevated levels of CEA in the peritoneal washing presented greater incidence of peritoneal metastases and lymph nodes. The prognosis of patients with high CEA levels in the peritoneal washing was significantly worse than those presenting normal levels. MANDORWSKI et al. (17) studied CEA and CA 72-4 levels in the serum and peritoneal washings of 40 patients with gastric carcinoma. Eleven of these patients were classified as stage I or II, and 29 at stage III or IV. The blood and peritoneal washings were collected during the operation, prior to removal of the neoplasia. CEA levels in the peritoneal washing were higher in patients with tumors extending to the serosa or adjacent tissue (T3-T4) than those with tumors limited to the mucous or muscle layer (T1-T2) (P = 0.03). They also noted that CA 72-4 in the peritoneal washing was the sole marker able to differentiate the control group from the gastric carcinoma group.
Determinations of the levels of tumoral markers in the peritoneal washing disclose the potential of these being an indicator of occult peritoneal spread and contributing toward prognosis in patients with gastric carcinoma operated with curative intention (1, 9, 10, 13, 22, 29) . It is possible that, due to staging by the TNM classification grouping lesions exhibiting different degrees of parietal invasion and lymph node metastases into the same stage, the heterogeneity of anatomopathological aspects of the neoplasms may well contribute to the variability of results of tumoral marker determinations in the serum and peritoneal washing. These anatomopathological features may not influence disease prognosis, but may be significant in determining levels of the marker in the serum and peritoneal washings.
CONCLUSIONS
Elevated levels of CA 19-9 in the peritoneal washings were significantly associated with more advance stage of gastric carcinoma and proved a better predictive factor for staging than sera CA 19-9 levels. Sera CEA levels more accurately reflected neoplasia stage than levels in the peritoneal washing.
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Crepaldi-Filho R, Palma RT, Giusti MF, Bueno MAG, Silva PSL, Waisberg J. Níveis do antígeno carcinoembriônico e do CA 19-9 no soro e no lavado peritonial em doentes submetidos ao tratamento cirúrgico do carcinoma gástrico. Arq Gastroenterol. 2008; 45(3) :219-24. RESUMO -Racional -A recidiva peritonial precoce do carcinoma gástrico operado com intenção curativa continua sendo um grande desafio do seu tratamento e prevenção. Objetivo -Analisar a relação entre os níveis do marcador tumoral antígeno carcinoembriônico (CEA) e CA 19-9 no sangue e no lavado peritonial e os aspectos anatomopatológicos do carcinoma gástrico. Método -Dos 46 doentes do estudo, 29 (63,0%) eram do sexo masculino e 17 (37,0%) do feminino. A média de idade foi de 63,6 ± 11,7 anos (31 a 91 anos). Após a indução anestésica, o sangue venoso periférico foi coletado de veia do membro superior para a determinação do nível sérico do CEA e CA 19-9. Após o término do procedimento operatório foram derramados 50 mL de solução fisiológica no fundo de saco de Douglas, aspirada alíquota que foi encaminhada para a determinação do nível no lavado peritonial do CEA e CA 19-9. O nível do CEA e do CA 19-9 sérico e no lavado peritonial foram relacionados às seguintes variáveis: diâmetro da lesão ≤4 cm ou >4 cm, comprometimento linfonodal, invasão angiolifática, profundidade de invasão na parede gástrica e estádio inicial ou tardio. Resultados -Em relação ao CEA, o nível sérico foi significantemente maior nos doentes com o diâmetro da lesão >5 cm. O nível de CEA sérico e no lavado peritonial foi significantemente maior nos doentes com carcinoma gástrico com células em anel de sinete. O nível de CEA no sangue periférico e no lavado peritonial mostrou relação significante com o nível de penetração do carcinoma na parede gástrica, e o CEA sérico foi significantemente mais elevado nos doentes com estádio mais avançados. Não houve diferença significante entre os valores do CEA sérico e peritonial nos carcinomas mais diferenciados em relação aos menos diferenciados. No tocante ao CA 19-9, os enfermos com lesões gástricas com diâmetro >5 cm e mais diferenciadas exibiram valores séricos de CA 19-9 significantemente maiores. Nos doentes com linfonodos comprometidos pelo carcinoma gástrico, os níveis de CA 19-9 no lavado peritonial foram significantemente maiores do que os no sangue periférico. Níveis do CA 19-9 no lavado peritonial foram significantemente maiores no estádio avançado em relação ao estádio inicial do carcinoma gástrico. Conclusões -Níveis elevados do CA 19-9 no lavado peritonial foi significantemente associado com estádios mais avançados do carcinoma gástrico e foi fator preditivo mais fidedigno para o estádio do que os níveis séricos do CA 19-9. Os níveis séricos do CEA refletiram mais acuradamente o estádio da neoplasia do que os níveis no lavado peritonial. DESCRITORES -Antígeno carcinoembrionário. Antígeno CA-19-9. Lavagem peritonial. Neoplasias gástricas. Carcinoma.
